cation of a luminescent bacterial biosensor for the detection of tetracyclines in routine analysis of poultry muscle samples. Food Additives and Contaminants, 2010, 27 (08) while residue levels in most of the suspect samples very low (< 10 µg kg -1 ). The method 28 appeared to be specific and robust. Using an experimental set up comprising the analysis 29 of a series of three sample dilutions allowed an appropriate cut-off for confirmatory 30 analysis, limiting the number of samples requiring further analysis to a minimum. 31 32
numbers of samples. A previously developed cell-biosensor method was subjected to an 23 evaluation study using over 300 routine poultry samples and results were compared with 24 a microbial inhibition test. The cell-biosensor assay yielded many more suspect samples, 25 10.2% vs. 2% with the inhibition test, which all could be confirmed by LC-MS/MS. Only 26 one sample contained a concentration above the Maximum Residue Limit of 100 µg kg -1 , 27 while residue levels in most of the suspect samples very low (< 10 µg kg -1 ). The method 28 appeared to be specific and robust. Using an experimental set up comprising the analysis 29 of a series of three sample dilutions allowed an appropriate cut-off for confirmatory 30 analysis, limiting the number of samples requiring further analysis to a minimum. 31 32 Keywords: cell-biosensor, bioassay, veterinary drug residues, tetracyclines 33 Veterinary drug use is under major public debate. There is great concern about resistance 36 development against antibiotics, and subsequently the possibility of transfer from animal 37 pathogens or commensals ultimately to human pathogens. This has elicited a 38 reconsideration of the application of certain antibiotics for non-human use, which has for 39 example led to the withdrawal of enrofloxacin for use in poultry in the United States (US 40 Food and Drug Administration. 2005) . The WHO has defined a list of antibiotics 41 considered critically important for human treatment (World Health Organization. 2005) , 42 that should preferably not be used for animal purposes. In Europe concerns about 43 antibiotic resistance resulted in a ban on the use of antibiotics for growth promoting 44 purposes (European Commission. 2003.) 45
46
Compared to the resistance threat, the toxicological risks of veterinary drug residues in 47 food products of animal origin, can be considered relatively minor. Nevertheless, to 48 protect the consumer from being exposed to harmful levels of residues, the EU has set 49 procedures for determining Maximum Residue Limits (MRLs) for antibiotics in food 50 products of animal origin (European Commission. 2009 ). To enforce residue legislation, 51 national monitoring programs are statutorily required under EU directive 96/23 52 (European Commission. 1996) . Apart from basic surveillance to safeguard consumers 53 from unwanted levels of residues in their food, effective residue monitoring also serves as 54 an instrument to establish prudent use of antibiotics. Fast and inexpensive high-55 throughput methodology is a prerequisite for effective enforcement. 56
57
Tetracyclines are in many countries the most used veterinary drug group. They are 58 inexpensive broad spectrum drugs, widely available, and their residues are frequently 59 found in food commodities of animal origin (Okerman et al.1998; Myllyniemi et al.1999; 60 Schneider et al. 2008; Pikkemaat et al. 2009a) . Detection of tetracycline residues in 61 animal matrices can be achieved using a variety of methods. On one end of the spectrum 62 are the physical chemical LC-MS based methods (Oka et al. 2000) . These require 63 sophisticated equipment and specialized technicians to operate it, and are generally 64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Recently we reported the development of an assay for the detection of tetracyclines in 73 poultry based on a bioluminescent bacterial sensor as an alternative for "classical" 74 microbial screening methods (Virolainen et al. 2008) . The sensor bacterium is an E. coli 75 strain harboring a plasmid containing a bacterial luciferase operon under the control of a 76 tetracycline sensitive repressor (Korpela et al.1998) . Induction of the lux operon, and 77 subsequently the production of a bioluminescent signal, only occurs in the presence of 78 tetracycline. The test is much faster than microbial inhibition tests, as results can be 79 obtained after 3 hours, and very inexpensive since it does not require any additional 80 reagents. So far the sensor had been tested on several animal food products, but it had 81 only been tested using spiked materials (Kurittu et al. 2000; Pellinen et al. 2002; 82 Virolainen et al. 2008) . For determining practical applicability in routine monitoring 83 conditions, a large scale evaluation using field samples was performed, running the test in 84 parallel with the conventional microbial inhibition test. 85 86 87
Materials & Methods 88

Sample material 89
A total of 337 poultry samples (chicken, turkey and guinea fowl) originating from a 90 national monitoring program and other surveillance programs were analyzed. For sample 91 preparation, muscle tissue was chopped in a kitchen blender and transferred to a 15 ml 92 centrifuge tube. After incubating the tube for 20 min at 65 °C, it was centrifuged for 10 93 min at 27000 x g. The supernatant (muscle fluid/extract) was transferred to a fresh tube 94 and kept at -20 °C until further use. 95 
Cell-biosensor assay 110
The tetracycline cell biosensor assay was performed as described in (Virolainen et al. 111 2008) . In short, lyophilized sensor cells were reconstituted in Luria Broth (LB) 112 containing 0.5 µg ml -1 polymyxin B for 1 hr at room temperature. The reconstituted cells 113 were diluted four-fold in LB containing a 100 mM pH 6 phosphate buffer and 0.5 µg ml control, a poultry meat fluid sample which previously was found to be free of 125 In practice, the result of the microbial inhibition test is compared to a quality control 163 (QC) reference sample, to visualize day to day variation in sensitivity of the test. This 164 control sample is obtained from poultry muscle spiked with 100 µg kg -1 oxytetracycline 165 (the MRL). Oxytetracycline is used because it is the least detectable tetracycline residue, 166 so if a sample shows an inhibition zone smaller than the control, it is assumed to be 167 compliant. The positive samples in this study provide an opportunity to evaluate how 168 well spiked samples represent incurred material. show a parabolic behavior, since high concentrations will inhibit protein production (and 186 ultimately kill the test organism), decreasing the signal upon increasing concentrations. 187 
Results & Discussion 155
Microbial inhibition test 156
Effect of other antibiotics (specificity) 246
Since the assay requires active bacterial metabolism, other antibiotics could potentially 247 affect the assay. Only one of the 337 samples appeared to contain antibiotic residues 248 should have a false compliant rate of < 5% at the level of interest (European Commission. 276 2002) . Considering the fact that the level of interest, or maximum residue limit, for 277 tetracycline residues in poultry is 100 µg kg -1 , we can conclude that this method easily 278 fulfills this requirement. The assay requires minimal sample prep, is easy to perform and 279 and requirements of the methods given Table 2 ). It appeared to be able to detect 281 tetracycline levels far below the MRL, and by applying a test format using a series of 282 three sample dilutions, an appropriate cut-off for further confirmatory analysis can be 283 made. The assay appeared to be very specific and robust, with the limitation that it is not 284 suitable for the analysis of guinea fowl and most likely also not for other ´red´ poultry 285 species, though this probably could be solved by some additional sample preparation. 286
287
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